endophytic cyanide resistant fungus Cunninghamella bertholletiae was isolated from cassava (Manihot esculenta) and cassava attached silt. The Cunninghamella sp. was sub-cultured into nutrient broth containing KCN (4mg/40mL) as a source of free cyanide. Samples were placed in an orbital (incubator) shaker at 30°C and 130rpm for 120 h. The cyanide resistant isolate was then successfully sub-cultured on PDA for 168 h at room temperature to determine if it can be regenerated after exposure to free cyanide. The fungus identification was based on; plate morphology, microscopic structure observation, nucleotide sequences and phylogenetic analysis. The identification revealed the fungus was Cunninghamella bertholletiae species from the Cunninghamella genus. The fungus has potential to be used as a free cyanide and total nitrogen degrader for environmental engineering applications. Cyanide, ammonium nitrogen and nitrate-nitrogen removal achieved were; 80%, 77.5% and 72.5%, within 120 h respectively.
by the presence of different types of moulds growing on the tubers, some of which can cause adverse effects on humans' health [5] , [6] . Human health concern is related to the consumption of contaminated tubers, inhalation of fungal microspores which often result in internal organs cancer, pulmonary diseases etc. even if exposure is by dermal contact [7] , [8] .
Amongst this multitude of pathogenic fungi, there is Cunninghamella sp. which is an ambiguous and opportunistic fungus, which has the ability to speedily and fatally infect humans, other organisms and is mostly found in soil [9] , [10] , 11]. Although, studies have reported fungal infections on humans through severe tissue invasion [12] , [13] , [14] from crops such as; maize and peanuts [15] , few studies have reported the presence of this fungus in cassava tubers. Thus, this study focused on the isolation and characterisation of C. bertholletiae from cassava tubers from South Africa, to assess its potential use for environmental engineering applications in particular its ability to degrade cyanide. Thus, the fungus can be useful to remediate cyanide contaminated environments.
Cassava tubers contain cyanide (cyanogenic compounds) that is hydrolysed into hydrogen cyanide that is harmful to human's health when consumed at high dose [16] . Thus, microorganism (fungi) exposed to cyanide eventually become cyanide resistant. Thus, can be exploited for CN -remediation in contaminated environment.
II. MATERIALS AND METHODS

A. Isolates
Cassava tubers were collected from Mbizana Local Municipality (31.5667° S, 29.4000° E), Eastern Cape Province (South Africa). Tubers were washed in sterile distilled water, air dried and wrapped with tin foil and refrigerated at 4°C, before use. The fungi harvested from fermented cassava peels and starch, were placed in Potato Dextrose Agar (PDA) while, the silt attach to the cassava was sprinkled into PDA and stored at room temperature for at least seven days depending on isolate growth. The isolates (fungi) were sub-cultured several times to obtain pure colonies. Colonies were then subcultured into Nutrient Broth containing KCN (4mg/40mL) as a source of free cyanide. Samples were placed in an orbital (incubator) shaker at 30°C and 130rpm for 120h. Subsequently, cyanide resistant isolates were then re-cultured on PDA for 168h at room temperature.
B. Microscopic Identification of Isolates
Fungal identification was done on the basis of microbial morphological characteristics. Macroscopic features such as colour, texture, sporangiophores development and their arrangement was used during the identification process [17] , [18] . Initial observation and identification was done by addition of lactophenol cotton blue staining reagent onto a glass slide, to which the fungal sample were mobilised and observed microscopically (Olympus CX21 -model CX21FS1, Olympus corp., Tokyo-Japan) at X 100 magnification.
C. DNA extraction, isolation and sequencing 1. DNA extraction using extraction kit Cassava and cassava attached silt fungal DNA extractions, were done using the PowerBiofilm DNA isolation kit (MOBIO Laboratories, Inc., CA-USA). Solutions BF1and BF4 were heated at 55°C for 5-10 min prior to usage. Mass of 0.05 to 0.20 g of mycelium was placed into a clean 2 mL flip tube and centrifuge at 13,000 x g for 1 min. The excess liquid was removed using a micropipette. The mycelium was resuspended in 350 µL of BF1solution and transferred to the PowerBiofilm Bead tube. A volume of 100 µL of Solution BF2 was added and vortexed to mix the solution subsequent to incubating the PowerBiofilm Bead tube at 65°C for 5 min using a hot water bath. The PowerBiofilm Bead tube was then secured horizontally and vortexed for 10 min followed by centrifugation at 13,000 x g for 1 min at room temperature and the supernatant was transferred into a clean 2 mL flip tube. 100 µL of Solution BF3 was added, vortexed and incubated at 4°C for 5 min, then centrifuged at 13,000 x g for 1 min at room temperature. The entire volume of the supernatant was transferred into a clean 2 mL flip tube. Solution BF4 (900 µL) was added followed by vortexing; with 650 µL of supernatant being transferred into a Spin Filter and centrifuge at 13,000 x g for 1 min. The eluant was discarded. This was repeated until all the supernatant was transferred into the Filter tube. The Filter tube was placed into a clean 2 mL flip tube. A volume of 650 µL of Solution BF5 was added and centrifuged at 13,000 x g for 1 min at room temperature. The eluant was discarded and 650 µL of solution BF6 was added followed by a centrifuge at 13,000 x g for 1 min at room temperature. The eluant was discarded and centrifuge again at 13,000 x g for 2 min to remove the residual wash. The Filter tube was placed into a clean 2 mL flip tube where 100 µL of Solution BF7 was added to the filter membrane then centrifuged at 13,000 x g for 1 min followed by discarding the Filter tube. The remaining DNA in the tubes for cassava was labelled samples (A and B) while, silt samples from the cassava was labelled samples (C and D). These samples were stored at -20°C for further use.
Spectrophotometric DNA quantification
Fungal DNA concentration for both the cassava peel and silt isolates were quantified using the Thermo Scientific-Nanodrop 2000 UV-Vis spectrophotometer (Inqaba Biotech, South Africa). The instrument quantifies the DNA concentration in ng/µL calculated from the optical density at 260 nm, 230 nm and 280 nm, to determine the purity of the isolated DNA on the basis of ratio (OD's): (260/230 and 260/280), obtained at each (wavelength).
PCR stock preparation and Run
The PCR stock was prepared as per the manufacturer's instructions (Inqaba Biotech, South Africa). Nuclease-free water was added to each primer, i.e. ITS1, ITS2 and ITS4, in volumes of 350 µL, 360 µL and 480 µL, respectively, in order to obtain a final concentration of 100 µM. A volume (10 µL) of each primer was transferred into a new 2 mL flip tube and 90 µL of nuclease free water was added to make a total volume of 100 µL. A control sample of all the PCR ingredients; master mix, primers (forward and reverse) and nuclease free water was added except for the genomic DNA. Polymerase Chain Reaction was performed at a total volume of 50 µL and the samples concentrations were; 12.5 µL master mix, 1.5 µL (each) primers (F & R), 2.0 µL genomic DNA and 32.5 µL nuclease-free water were added and run in a PCR machine BIO RAD (T100 TM ) Thermal cycler-(Normal PCR) (BIORAD laboratories Inc.) using a EconoTaq Plus Green 2x Master mix, was 95-5min, (95-30s, 54-30s, 72-2min) repeat 40 cycles, 72-10min. hold at 4°C. While, a Fast DNA Ladder (New England BioLabs Inc.) of mass values 0.5 μg/lane with effective size range of 50bp to 10,002bp was used to assess the gel run of cassava (A, B) and silt (C, D) samples (see Fig. 1 ).
DNA sequencing
The universal primers Internal Transcribed Spacers (ITS1 and ITS4) were used to amplify the targeted region of the DNA sequences of all samples (A, B, C and D) (White et al., 1990) , using the ZR Fungal/Bacterial DNA Kit™. The ITS target region was amplified using the primers Target Sequence (5'to3'); ITS1: 'ITSTCCGTAGGTGAACCTGCGG' and ITS4: ITS 'TCCTCCGCTTATTGATATG'. PCR products were gel extracted, purified and sequenced in the forward and reverse directions on the ABI PRISM™ 3500xl Genetic Analyser. Sequences were analysed using CLC Main Workbench 7 followed by a BLAST search provided by NCBI (www.ncbi.nlm.nih.gov) while, a Neighbour Joining (NJ) Phylogenetic tree was constructed using ClustalX2.1 (see Fig.  2 ).
Chemical samples preparation and analysis
A 250 mL sterile Schott bottle containing a Nutrient Broth/KCN (4mg/40mL) and fungal mycelia was placed in an orbital (incubator) shaker at 30°C and 130rpm for 120h. Syringes were used to collect cassava (A, B) and soil (C, D) samples from the cyanide containing flasks and transferred the samples into a 2mL sampling tubes. Samples were then centrifuged at 13500 rpm for 5 min. Supernatant was analysed for free cyanide, ammonium nitrogen and nitrate-nitrogen using Merck cyanide (CN-) (09701), Merck ammonium (NH 4 + -N) (00683) and Merck nitrates (NO 3 -N) (14773) test kits respectively [19] . A quantification of the concentration level of (CN -), (NH 4 + -N) and (NO 3 -N) was done using the Merck Spectroquant Nova 60 (Merck Chemicals Pty-Ltd, South Africa). 
III. RESULTS AND DISCUSSION
Cunninghamella sp. were grown from cassava (Manihot esculenta) Zambezi species collected from Mbizana on the 06 August 2014. The species grew well on a PDA at room temperature and were white or grey in colour (at early growth stage), and turning grey after at least 8-10 days of growth with developed woolly mycelia with sporangiophores. A microscopic observation showed elongated mycelia sporangiophores with irregular, sometimes, vertical branches terminated by vesicles with a balloon shape [20] . The fungus has synchronous sporangioles and can grow at the temperature of at least 30 °C.
Samples A, B, C, D sequences on NCBI revealed identical fungi (Cunninghamella bertholletiae) from all samples. The fungi identified from the cassava and silt attached to the cassava showed 90% similarity to C. bertholletiae. Therefore, it was decided that a phylogenetic Neighbour Joining (NJ) tree analysis of the ITS gene regions of one sample (A) was suitable representative of the isolates obtained. 
A. Phylogenetic tree analysis
The Internal transcribed spacers (ITS) and DNA sequences structural ribosomal of 5.8S rDNA of the isolate were amplified using the universal primers ITS1 and ITS4 in order to amplify the targeted region of 750 bp [21] . The amplified sequence was submitted at the GenBank (Bankit) where the accession number KT275316 was allocated (Fig. 1, 2) .
A phylogenetic tree was generated using LustalX and Cunninghamella species were clustered according to groups and their clades. The analysis of a phylogenetic tree showed that our isolate was closer to the species of C. bertholletiae strain (CBS190.84) Fig. 2 ). 
B. Fungal degradation of free cyanide, Ammonium-nitrogen and nitrogen-nitrate
Fungus extracted from both cassava and cassava attached silt were able to biodegrade free cyanide, ammonium nitrogen and nitrogen-nitrate within five days of analysis. Thus, from 80 % of the initial concentration of (4mg/40mg/L) KCN nearly 42.5% (silt) and 37,5% (cassava) were biodegraded and converted to NH 4 + -N and finally into NO 3 -N at about 77.5% and 72.5% by silt and cassava fungus, respectively. Generally, Cunninghamella sp. are often identified through morphological characteristics, microscopic features such as colour, texture and margins, as well as the development of sexual and asexual zygosporic and sporangial levels including processes contributing to their formation and finally growth temperature. Additionally, the ITS rDNA sequence analysis of the isolates are also used during the identification and characterisation of the fungal species [22] . A study on the amplification of the ITS region and morphological characteristics of Cunninghamella sp. by [23] revealed twelve species and three varieties while, [24] amplification of ITS regions of several species found a relationships within Cunninghamella based on sequence analysis of rDNA through a consensus tree using neighbour-joining algorithm. Thus, varieties of C. polymorpha strains (CBS779.68) and C. elegans isolate (CFR-C11) resemble C. bertholetiae which demonstrate their closeness to the isolate found on cassava tubers and silt while, C. blakesleeana strain 3C1A and M. racemosus (Zygomycetes) are different from C. bertholletiae.
Additionally, the C. bertholletiae sp. has shown the ability to not only being cyanide resistant but, also successfully degrades the compound. Thus, the fungus can be used for the reduction of free cyanide and cyanogenic compounds produced during the processing of the cultivar in order to mitigate toxicity effects on humans, other organisms and the environment.
IV. CONCLUSION
A fungi C. bertholletiae, was successfully isolated, identified and characterised from cassava and cassava cultivated soil from Mbizana, in the Eastern Cape province of South Africa. The isolate demonstrated the ability to grow at a temperature of at least 30°C and is able to biodegrade free cyanide and convert it into NH 4 + -N and NO 3 -N, and eventually to N 2 gas.
Thus, it can be used for environmental engineering purpose through it production in large quantity and use for cyanide degradation (reduction) in cyanide's polluted soil and environment.
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